Background: Historically, models to describe disease were exclusively nature-based or nurture-based. Current theoretical models for complex conditions such as cardiovascular disease acknowledge the importance of both biologic and nonbiologic contributors to disease. A critical feature is the occurrence of interactions between numerous risk factors for disease. The interaction between genetic (i.e. biologic, nature) and environmental (i.e. non-biologic, nurture) causes of disease is an important mechanism for understanding both the etiology and public health impact of cardiovascular disease. Objectives: The purpose of this paper is to describe theoretical underpinnings of gene-environment interactions, models of interaction, methods for studying gene-environment interactions, and the related concept of interactions between epigenetic mechanisms and the environment. Discussion: Advances in methods for measurement of genetic predictors of disease have enabled an increasingly comprehensive understanding of the causes of disease. In order to fully describe the effects of genetic predictors of disease, it is necessary to place genetic predictors within the context of known environmental risk factors. The additive or multiplicative effect of the interaction between genetic and environmental risk factors is often greater than the contribution of either risk factor alone.
Introduction
Health promotion and disease prevention is a primary component of nursing practice. The cardiovascular disease pandemic necessitates that nursing practice focuses on prevention and treatment of cardiovascular disease through risk assessment and stratification, and risk reduction through lifestyle and behavioral change. Although progress has been made in treating cardiovascular disease and its risk factors, the prevalence of this largely preventable condition worldwide remains unacceptably high.
Over the past three decades, the nature versus nurture debate over disease etiology has given way to more complex models that accommodate a larger number of causal pathways and allow for interactions between risk factors on many levels. These pathways include both individual and environmental level factors, and incorporate the influences of both nature and nurture into a single comprehensive model. The examination of known environmental causes of disease, coupled with the recent scientific advances allowing for rapid and affordable detection of genetic variation, is advancing our understanding of the individual and combined roles of genetic predisposition and environmental influences on cardiovascular disease. Interactions, including those occurring between an individual's psychosocial and physical environment and their unique genetic "makeup," are now accepted to have an important role in nearly all cardiovascular disease conditions and underlying biological processes.
Unaccounted gene-environment interactions are hypothesized to be a common alternative explanation for paradoxical findings about the etiology and prevention of cardiovascular disease 1 . Environmental exposures can increase or decrease the effect of genetic predisposition, and genetic predisposition can modify the effects of the environment 2, 4 . Lifestyle interventions to prevent and treat cardiovascular disease and its risk factors are in part unsuccessful because of incomplete understanding of the underlying biology of the disease and how manifestation of disease is moderated by the environment. Increasing the effectiveness of interventions may be possible through a more comprehensive understanding of the biology of cardiovascular disease, including interactions between genetic predisposition and environmental components such as lifestyle and behavioral variables. The aim of this paper is to describe theoretical underpinnings supporting the interaction between genetics and the environment and the onset and progression of cardiovascular disease.
Gene-environment interactions
Evidence supports the existence of gene-environment interactions for nearly every disease condition, including mental health disorders 5, 6 , cardiovascular and metabolic disease [7] [8] [9] [10] [11] [12] , infectious disease 13, 14 , and trauma and injury 15 . While the field of quantitative genetics aims to identify specific gene loci responsible for disease, genetic epidemiology places what is known about genetic predictors of disease in the context of a population, searching for mechanisms of disease that include both genetic predisposition and environmental factors. The purposes of studying gene-environment interactions are to understand the complete etiology of a disease inclusive of multiple discrete and interacting pathways, and to determine the public health impact of individual factors within a specific population so that interventions can be designed to maximize health and minimize disease.
When an interaction between the genotype and environmental factors is present, this interaction is said to exert a main effect on the likelihood of developing disease. Additional marginal effects result from the independent contributions of the genotype and the environmental factors. Studies of genetic determinants of disease or environmental risk factors for disease are often designed to assess marginal effects only; however in many cases, the main effect of the interaction is hypothesized to be a far greater contributor to disease than either marginal effect alone 1 . Inconsistent and inconclusive findings from studies of the marginal effects of genetic determinants of disease are common. Failure to identify the presence of a gene-environment interaction with significant main effects is a likely alternative explanation for incongruous findings 1 .
Models of interaction
There are two commonly discussed types of interaction: statistical and biologic 3 . Statistical interaction is strictly a mathematical phenomenon, in which the measured effects of one variable depend on the level of a second variable. By contrast, biologic interaction refers to the intersection of what are considered to be discrete pathways relevant to the maintenance of homeostasis or even the onset and progression of a physiologic condition. Both of these concepts are central to consideration of gene-environment interactions. Because the aim of studying gene-environment interactions is to discover new mechanisms of disease or describe the causes of deviation from expected expression of disease, biologic interaction is the very definition of gene-environment interaction. In order to quantify the presence of biologic interaction and make meaningful inferences about observations of interactions, incorporation of statistical interaction should be included during data analysis in order to accurately model the true underlying condition.
Gene-environment interactions can be either complementary or antagonistic 16 . In the case of complementary interactions, both factors (i.e. environmental exposure and genetic predisposition) work in the same direction on disease risk. For example, an allele for the familial hypercholesterolemia (FH) gene might increase susceptibility to atherosclerosis by up-regulating the production of low-density lipoprotein cholesterol, and high intake of saturated fat may increase the likelihood of atherosclerosis by increasing low-density lipoprotein cholesterol levels. These two factors act in complement to increase an individual's risk of developing atherosclerosis. In contrast, antagonist interaction occurs when the direction of effect of two variables opposes each other. In the case of hypertension, carrying one of the known risk alleles for essential hypertension will increase an individual's likelihood of developing high blood pressure, whereas engaging in moderate physical activity most days of the week exerts the opposing effect of decreasing lifetime risk of hypertension.
Gene-gene interactions. Implicit in the definition of multifactorial traits is that risk factors, be they environmental or genetic, can interact. The interaction of two or more genes is termed epistasis. Procedurally, studying gene-gene interactions is similar to studying gene-environment interactions. Although epistasis is related to gene-environment interactions and shares underlying principles, it is beyond the scope of this paper, and will not be discussed in further detail. An excellent review of epistasis can be found elsewhere 17 .
Gene-environment correlations. A similar but distinct phenomenon from gene-environment interactions is geneenvironment correlations. Correlations occur when a genetic marker is highly associated with, and possibly causal of, a behavioral characteristic or exposure that predisposes the outcome of interest 18 . A thorough description of work describing gene-environment correlations, including clinical examples, can be found elsewhere 19 .
Models of disease risk
The risk of disease in the presence of environmental and genetic risk factors can be depicted using a classic 2 × 2 table (Table 1 ). For simplicity, we consider both environmental and genetic predictors and the disease outcome to be dichotomous. When genetic and environmental risk factors interact, four scenarios are possible ( Table 2) .
There are two primary mathematical models of risk that describe the relationship between multiple predictors of human disease: additive and multiplicative. Additive models assert that the effects of each predictor are summed in order to determine an individual's likelihood of disease. Predictors can still be complementary or antagonistic, however the net effect of all predictors is the sum of each predictor's effect on the disease outcome. In the case of gene-environment interactions, the effect of the environment depends on the genotype of an individual 2 , and a statistical interaction is considered to be present when there is departure from the simple additive model 4 . We can return to the atherosclerosis example from above and assume a simplified scenario in which there are only two predictors of disease: saturated fat intake and the FH risk allele (this example is chosen for simplicity only, and the following discussion does not encompass the entirety of biological mechanisms describing atherosclerosis risk). If no interaction is present, then an individual's relative risk of atherosclerosis (RR a ) is equal to the risk associated with their FH genotype (RR g ) plus the risk associated with their saturated fat intake (RR e ), which can be expressed mathematically as RR a = RR g + RR e . Note that the mathematical term in this equation can be addition or subtraction, depending on whether the two effects are complementary or antagonistic. If an interaction is present, then a person who has a high saturated fat intake with no copies of the risk allele will have a relative risk for atherosclerosis equal to the harmful effect of saturated fat (RR a = RR e ). However, for an individual who does carry the FH risk allele, the risk of saturated fat may no longer be significant, and atherosclerosis relative risk will be equal to the risk of the FH risk allele (RR a = RR g ). In the presence of an interaction, the risk for atherosclerosis associated with saturated fat depends on FH genotype.
In contrast, multiplicative models assert that the effects of the genotype depend on the environment 2 . In the presence of a biologic interaction, departure from the multiplicative model will be observed 4 . If we apply a multiplicative model to the dichotomous atherosclerosis example for gene-environment interaction and again simplify to assume only two predictors, we can say that the effect of the FH risk allele depends on saturated fat intake. If no interaction is present, then an individual's relative risk of developing atherosclerosis is equal to the sum of the risk associated with their FH genotype and the risk associated with their saturated fat intake (RR a = RR g + RR e ). In the case of an interaction, the effect of the FH risk allele will depend on saturated fat intake. For an individual who consumes a large amount of saturated fat, carrying the FH risk allele would have no effect on the risk of atherosclerosis (RR a = RR g × RR e ).
An alternative example for a continuous trait is blood pressure in individuals who experience a high level of autonomic stimulation during the workday (e.g. firefighters, air traffic controllers). An individual with no genetic predisposition to hypertension may have a normal blood pressure (e.g. 110/70 mmHg) even in the presence of a high level of autonomic stress. In contrast, the blood pressure of an individual who is genetically predisposed to hypertension will depend on the level of autonomic work-related stress. In the absence of autonomic stress, the relative risk of hypertension (RR h ) is equal to the genetic risk for hypertension (RR h = RR g ), which may result in a moderately elevated blood pressure (e.g. 145/90 mmHg). For the individual who is genetically predisposed to hypertension and exposed to a high level of work-related autonomic stress, the relative risk of hypertension could be multiplicative (RR h = RR e × RR g ), and blood pressure may be significantly elevated beyond the expected effects of either risk factor alone (e.g. 180/100 mmHg). The choice of which model to consider depends on two primary considerations. Although a comprehensive discussion of model selection is available elsewhere 20 , each will be summarized briefly here. The first is the biologic relationship between the predictors. Commonly, when two predictors act on the same pathway, a simple additive model is assumed 20 . Conversely, when two factors are thought to act on discrete physiologic pathways, the effect is often more than additive, and a multiplicative model is assumed 3, 20 . In addition, the research question and aim of a study determine how a model is selected 2, 20 . In the development of predictive models of disease for public health purposes and clinical decision-making, the underlying mechanisms of disease are not as important as the predictive capability of observable risk factors. In this scenario, an additive model that includes surrogate non-causal markers 1 will often suffice 3 . For studies of disease etiology, the aim is to understand the mechanisms by which disease is occurring, and multiplicative models may be necessary in order to correctly specify the relationship between predictors 3,20 . Often statistical modeling of both additive and multiplicative relationships is performed in order to determine the possible implications of model misspecification. In the case where additive and multiplicative models do not differ, the additive model is usually selected for simplicity and ease of interpretability.
Timing and spectrum of exposure. The occurrence of a gene-environment interaction is dynamic. As a result of changes in both gene expression and environmental exposure, interactions can occur at one time-point during the lifespan, periodically throughout life, or for longer durations. With regard to genetic exposure, a copy of the full genome is present in every cell of an organism; however not all genes are expressed at all times. Numerous genes are involved only during development and maturation, and once the adult stage is reached, expression of these genes is silenced. In contrast, some genes are only expressed in response to an environmental exposure or trigger. For example, a traumatic event such as a fracture will prompt localized expression of genes involved in inflammation and bone growth and remodeling that are not normally expressed in healthy osteocytes. Thus, the timing of an exposure can determine whether a gene-environment interaction occurs. An organism's environment is typically in a state of constant flux. For humans, environmental factors can change throughout the day as well as over the course of a lifetime. Returning to the example of blood pressure and autonomic stimulation, work-related stress exerts immediate effects on hemodynamics and inflammatory processes, and individuals who are genetically predisposed to hypertension may be more likely to experience elevations in blood pressure during stressful work hours. In the case that this stress resolves at the completion of the workday, some physiologic phenomena, (e.g. hemodynamics) may return to a non-stressed baseline state, whereas others, (e.g. inflammation-induced damage to the arterial wall) are permanent. Repeated exposure to the environmental stimuli can result in cumulative permanent physiologic changes.
Alternatively, some individuals are exposed to secondhand cigarette smoke during childhood, and subsequently this exposure is removed from the environment during adulthood. Others will grow up in a smoke free environment but then partner with a smoker of cigarettes during adulthood. The effects of secondhand smoke exposure may differ for the developing pediatric vascular endothelium compared to adult vascular endothelium, and irreversible damage could occur during a critical developmental period that will not affect the adult exposed to second-hand smoke in the same way.
The spectrum of both genetic and environmental exposures can also determine whether an interaction occurs. Genetic dose is variable between individuals, and the individual's genotype will affect the level of exposure: some genes have dominant and recessive patterns of inheritance while others are co-dominant 21 . For the dominant inheritance pattern, an individual will be affected if they carry just one copy of the risk allele, whereas the recessive pattern of inheritance requires two copies of a risk allele for an individual to be affected. In the case of co-dominance, differing alleles for a given gene are equally expressed. Similarly, differing doses of environmental exposures exert differing effects. In some cases, there is a threshold effect in which no adverse consequences are observed until a threshold level of exposure is reached. In other cases, environmental exposure is continuous, and increasing doses will exert a linear increase in harmful or protective effects. Thus, quantifying the dose of both genetic and environmental exposure is important in order to detect the presence of gene-environment interactions.
Methodological issues
Study design. There are three primary epidemiologic study designs that are appropriate for studies of this nature: cohort, cross-sectional, and case-only (Table 3 ). The selection of study design depends on the aim of the study (i.e. investigations of disease etiology compared to assessing the impact of environmental exposure in the context of genetic predisposition), what is known about genetic determinants of the outcome of interest, the prevalence and/or incidence of the disease, and the resources required to perform the study. Prospective population-based cohort studies are the gold standard for gene-environment interaction studies, offering substantially decreased risk of measurement error and subsequent bias, however they are generally extremely resource-intensive 22 . The classic case-control design can also be used for studies of gene-environment interactions, but are more susceptible to confounding compared to other study designs. For genetic association studies and gene-environment interaction studies, controls can be selected from among family members, which typically decreases the potential for confounding due to population stratification and can increase the power to detect an effect, but can result in the detection relationships that are less relevant at the population level 22, 23 . A modification of the classic case-control design that is well suited to studies of gene-environment interactions is the case-only design. In case-only studies, inclusion criteria limit sample selection to individuals with the outcome of interest 24, 25 . A limitation of the case-only design is that a priori knowledge of causal regions of the genome is required. A complete discussion of study designs appropriate for investigation of gene-environment interactions is available elsewhere [22] [23] [24] [25] .
Measurement. For studies of gene-environment interactions, the most common sources of measurement bias arise from misclassification of both environmental and genetic exposure. As discussed above, environmental exposures can vary over the course of a lifetime, which poses a challenge to accurate measurement (i.e., recall bias, biomarker stability). In some instances, individuals with a disease may be more likely to recall and/or report exposure because of their disease, resulting in differential misclassification and thus biased estimates of association and interaction 26, 27 . Genotype is also subject to misclassification. When stringent quality control standards are implemented during laboratory analysis, the likelihood of misclassification is diminished for studies of relatively rare disorders (e.g., phenylketonuria) for which functional polymorphisms in single genes can be quantified 2, 4 . However for disease conditions that are multifactorial, the principle of linkage disequilibrium is often exploited in order to identify regions of the genome that are associated with the outcome of interest. Genotype measurement by linkage disequilibrium is efficient and decreases genotyping costs. The principle of linkage disequilibrium is dependent on population substructure, or sub-populations determined by geographic ancestry that have shared common allele frequencies. The correlation between a region of the genome and an outcome is a group-averaged statistic for a given sub-population, which can result in misclassification of the genotype for an individual if they differ from the group norm 2, 4 . When cases and controls are sampled from the same study base (sub-population), this type of misclassification is likely to occur with equal frequency, which will not result in biased estimates of association, but may decrease the likelihood of detection of a true interaction 26, 27 . The least accurate method of quantifying genetic exposure is family history, which is also subject to misclassification as the actual genotype of the individual in unknown, and recall of family history can be incorrect 2, 4 . Similar to recall of environmental exposure, accuracy of recall of family history may be differential between cases and controls, resulting in biased measures of association and interaction 26, 27 .
Epigenetics and gene-environment interactions
Epigenetics is the study of mechanisms that result in changes to the phenotype or appearance of an organism that Similarly, expression of a gene can be affected by exposure to an environmental factor, resulting in silencing or increased or decreased expression of a gene that may persist due to lasting but potentially reversible changes. For example, exposure to tobacco smoke may result in up-regulation of genes associated with platelet activation, and increased expression of these genes will persist while tobacco smoke is present at regular intervals. However, when this stimulus is removed for an extended period of time, epigenetic up-regulation of inflammatory genes will cease, and platelet activity will return to a normal, healthy physiologic state. In contrast, concomitant changes in genes mediating inflammation may not return to baseline due to changes in DNA methylation or histone acetylation. With regard to platelet activation, the deleterious effects of exposure to tobacco smoke are reversible; however for inflammation, there can be long-lasting or permanent alterations in genes expression, resulting in cumulative physiologic damage over the lifespan. The same principles that apply to gene-environment interactions, including timing and spectrum of environmental exposure, apply to interactions between epigenetic mechanisms and environmental exposures.
Conclusion
Humans exist within a dynamic environment and are subject to factors exerting effects on health outcomes on a number of levels. The current paradigm for understanding causes of cardiovascular disease within a complex system suggests that these conditions are rarely, if ever, the result of a single causal factor. The conceptual frameworks underlying cardiovascular disease postulate that these conditions occur in the presence of numerous genetic and environmental risk factors, that interactions between these factors occur on several levels, and that these interactions account for significant primary effects on the likelihood of disease occurrence 1, 28, 29 .
In some cases, an interaction between individual gene loci and environmental exposure is believed to have a greater effect than the individual marginal effects of either factor alone 1 . Failing to account for the presence of a gene-environment interaction can result in incorrect conclusions about the etiology of cardiovascular disease, and is often attributed as a cause of incongruous study findings. Gene-environment interactions have important implications for both nurse-clinicians and nurse-researchers. Worldwide, a current emphasis of nursing practice is to identify and treat individuals suffering from cardiovascular risk factors in order to prevent the onset and sequelae of cardiovascular disease. Throughout the twentieth century, nursing practice has focused largely on behavioral interventions and modification of the environment. The genomic era of healthcare both facilitates and necessitates that nurses also understand genetic predisposition for cardiovascular disease, and most importantly, place genetic predisposition within the context of an individual's environment.
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Notes
1. A known genetic locus or environmental measure that is not directly causal of disease but highly correlated with the causal region or exposure. Surrogate markers may be selected for reasons of cost or ease of measurement. 2. Addition of a methyl group to DNA that silences expression of some genes. 3. Changes to the protein-DNA folding structure that prevent transcription of select regions of the genome. 4. Small interfering RNA molecule that represses transcription of a messenger RNA sequence preventing polypeptide formation.
